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Donald A. Barr, MD, PhD

Recent research has identified genetic traits that can be used in a
laboratory setting to distinguish among global population groups.
In some genetic analyses, the population groups identified resem-
ble groups that are historically categorized as “races.” On the
basis of these associations, some researchers have argued that a
patient’s race can be used to predict underlying genetic traits and
from these traits, the expected outcomes of treatment. Others
have questioned the use of race in this way, arguing that racially
defined groups are so heterogeneous that predictions of individual
characteristics derived from group averages are bound to be
problematic.

Practitioners today face the dilemma of translating this scientific
debate into clinical decisions made 1 patient at a time. Is it or is
it not appropriate to use a patient’s self-identified “race” to help
decide treatment?

In contrast to the global population groups identified by genetic
studies, the U.S. population has experienced substantial genetic

admixture over time, weakening our ability to distinguish groups
on the basis of meaningful genetic differences. Nonetheless, many
researchers have suggested that these differences are still suffi-
cient to identify racially specific uses for pharmaceutical and other
treatments. A review of recent research on the treatment of hy-
pertension and congestive heart failure finds that race-specific
treatments of this type carry a substantial risk for treating pa-
tients—black or white—inappropriately, either by withholding a
treatment that may be effective or by using a treatment that may
be ineffective. Only by moving beyond historical concepts of
“race” to examining a patient’s individual socioeconomic, cultural,
behavioral, and ancestral circumstances can a practitioner select
the treatment that is most likely to be effective and in doing so,
can best serve that patient’s needs.
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he decoding of the human genome has opened the

door to an exciting realm that may fundamentally alter
the trajectory of many diseases. For many practitioners,
however, recent advances in our understanding of genom-
ics and the genetics of ancestry have left us with an unan-
swered question. In the clinical context, does a patient’s
race provide an adequate proxy for genetics?

The relationship between genomics and what we call
“race” is complex and changes frequently. Understanding it
requires familiarity with esoteric methods. A practitioner
may find it difficult to know what to do when dealing with
the problems of an individual patient. Is it or is it not
appropriate to use that patient’s ascribed or self-identified
race to help decide treatment? Practitioners face this di-
lemma on a regular basis.

The debate over using race as a proxy for genetics and
associated treatment outcomes is often heated. A recent op-ed
piece in The New York Times opined that “[r]ace is merely a
shorthand that enables us to speak sensibly, though with no
great precision, about genetic rather than cultural or political
differences” (1). Consistent with this approach, a physician
recently described her approach to care (2):

Almost every day at the Washington drug clinic
where I work as a psychiatrist, race plays a useful diag-
nostic role. . .. [Cllinical experience and pharmaco-
logic research show that blacks metabolize antidepres-
sants more slowly than Caucasians and Asians. . . . So |
start all black patients with a lower dose, then take it
from there.

On the other side of the aisle are scholars who state

A racial designation in the context of medical man-
agement not only defies everything we have learned
from biology, genetics, and history but also opens the
door to inequities in medical care. . .. Since “race” is
biologically meaningless, how will a physician know
whether a given patient (who may identify with 2 races)
has the combination of alleles that will ensure the effi-
cacy of the drug? And what effect will racial profiling in
the choice of therapy have on the bond of trust between
patients and physicians?

Whom should practitioners believe?

RECENT RESEARCH IN THE GENETICS OF RACE AND
ANCESTRY

Rosenberg and colleagues (4) published a seminal pa-
per in 2002 that addressed the issue of race as a proxy for
genetics. They analyzed the genetic structure of tissue sam-
ples taken from 1056 individuals drawn from 52 popula-
tion groups around the globe. Each group represented a
distinct geographic area, and the individuals within each
group had remained relatively stable geographically over
several generations. The authors asked whether the genetic
differences among these population groups were distrib-
uted into recognized racial groups.

(There is an important caveat to consider here. Study-
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Table 1. Geographic Origins of Groups Defined by Genetic
Clustering on the Basis of the Predefined Number of Groups*

Predefined
Groups, n

2

Geographic Origins of Genetic Groups

=

. Sub-Saharan Africa, Europe, Middle East, Central
Asia, South Asia

. East Asia, Oceania, Americas

. Sub-Saharan Africa

. Europe, Middle East, Central Asia, South Asia

. East Asia, Oceania, Americas

Sub-Saharan Africa

. Europe, Middle East, Central Asia, South Asia

. East Asia, Oceania

. Americas

Sub-Saharan Africa

. Europe, Middle East, Central Asia, South Asia

. East Asia

. Oceania

. Americas

. Sub-Saharan Africa

. Europe, Middle East, Central Asia, South Asia

. East Asia

. Oceania

. Americas

. Kalash (a tribe of approximately 4000 people in
northwestern Pakistan)

* Data from reference 4.

ing only geographically stable samples does not consider
the effects of intermarriage and other forms of interbreed-
ing—often called “genetic admixture.” In populations
such as the United States, in which extensive genetic ad-
mixture has occurred over centuries, sorting population
groups reliably on the basis of genetic differences is difficult
if not impossible. Rosenberg and colleagues’ analysis of the
genetic structure of ethnic populations of the Middle East,
in which substantial admixture has occurred over time,
confirms this.)

To appreciate how Rosenberg and colleagues’ research
was performed, imagine 2 groups of scientists in adjoining
rooms separated by a locked door. One group is made up
of geneticists, the other of social scientists. The geneticists
are provided with a set of 1056 tissue samples with no
labeling of their source, and they are asked to sort these
samples into groups based on similarities in genetic struc-
ture. A computer has been programmed to compare slight
differences in the molecular structure of 377 different
DNA segments to sort these tissue samples into groups.
These segments are called “microsatellites,” and they rep-
resent parts of the DNA that have no known genetic func-
tion and are known from previous research to exhibit sub-
stantial variation in nucleotide structure across individuals.
(The number of segments that optimizes the computer’s
ability to identify genetic differences among populations is
thought to be 377.) The computer doesn’t choose the
number of groups into which the samples will be sorted;
the scientists do. Once the number of groups is arbitrarily
chosen by those scientists, the computer uses a statistical
algorithm to define the best grouping.

Think of a deck of cards. Imagine that you are asked
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to use a computer to sort them into groups based on sim-
ilarities and differences. When arbitrarily instructed to sort
the cards into 2 groups, you will see the cards divided by
color: black and red. If you instruct the computer to sort
the cards into 3 groups, you might get a group consisting
of face cards, another of numbered red cards, and another
of numbered black cards. Changing to 4 groups will sort
the cards into the suits you recognize in most card games.

Rosenberg and colleagues took a similar approach, ask-
ing a computer first to sort the tissue samples into 2
groups, then 3 groups, and so on up to 6 groups. The
computer first determined that approximately 95% of the
difference identified in DNA structure occurred within
populations at the level of the individual tissue sample in
ways that did not allow it to differentiate among popula-
tion groups. Only 5% of the difference in structure oc-
curred among groups. Nevertheless, solely on the basis of
that 5% of the difference, the statistical algorithm used by
the computer could separate the tissue samples into the
various numbers of groups selected by the scientists.

We now return to our imaginary scientists in adjoin-
ing rooms. While the geneticists have been doing their
work, the social scientists in the adjoining room have had a
different task. They are told the geographic origin of each
tissue sample, and they are asked to sort the samples first
by continent of origin and then within continents by re-
gion.

After both groups of scientists have done their job, the
door is unlocked, and the scientists are asked to compare
their results. Does grouping the tissue samples by genetic
structure recreate the grouping by geographic origin?

In Rosenberg and colleagues’ study, the answer was
yes”: “Genetic clusters often corresponded closely to pre-
defined regional or population groups or to collections of
geographically and linguistically similar populations” (4).
May information on genetic ancestry be useful in clinical
practice? Again, the answer was “yes”: “Information about
a patient’s population of origin might provide healthcare
practitioners with information about risk when direct
causes of disease are unknown” (4).

Does this mean that we can use a patient’s race as a
proxy for ancestry and to predict genetic structure with
accuracy? Although Rosenberg and colleagues did not ad-
dress this question explicitly, the answer seems to be “no.”
To understand why, let us examine how the genetically
defined groups look from a geographic perspective, varying
the arbitrarily defined number of groups from 2 to 6. Ta-
ble 1 shows these results.

«

THE ORIGINS OF RACIAL CATEGORIES

For more than 250 years, there have been 4 “races” in
much of the Western world: white, black, Asian, and Na-
tive American. European explorers defined these categories
as they set out to identify (and conquer) new continents,
and Carl Linnaeus cataloged and described these categories
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in the 1700s in successive editions of his work Systema
Naturae. Linnaeus divided the human species into what he
perceived as its 4 subspecies: Afer niger (African black),
Americanus rubescus (American red), Asiaticus luridus
(Asian yellow), and Europacus albus (European white).

In reporting birth and death rates for 2002, the federal
government’s National Vital Statistics Reports continued to
sort Americans into the same 4 groups described by Lin-
naeus in the 1700s. The U.S. Census Bureau has also pre-
served these racial categories largely intact. (There is a
movement to separate out the indigenous peoples of the
Pacific Islands—"“Oceania” in the groupings of Rosenberg
and colleagues’ study—in both census data and the report-
ing of vital statistics.)

If we look only at the group of 4 origins in Table 1,
the geneticists seem to have sorted the tissue samples into
what we generally recognize as races—although some
groups that are considered Asian by race have clustered
with the Europeans. However, just as the deck of cards is
sorted differently depending on the preselected number of
groups, so does the world’s population look different on
the basis of that preselected number. Select “4,” and we
have the cards by suits and people by Linnaeus’ races. Se-
lect “2,” and we have cleaved both the deck and the globe
approximately in half. Select “6,” and the global popula-
tion starts to get somewhat confusing. Which is the best
number for sorting the human population? There cannot
be an answer to this question without applying arbitrary
measures to the concept of what is “best.”

The genetics of human populations may start with
broad continental groupings that bear a rough resemblance
to Linnaeus’ racial categories, but knowledge of individual
ancestry provides much more detailed and relevant infor-
mation. Consider my ancestors and those of my wife. Mine
came on the Mayflower to the Plymouth Colony, and hers
fled the 19th-century pogroms aimed at Russian Jews.
Both were from Europe. We both check the “white” box
on all the official forms. To learn about our health risks
based on our ancestry, you will need to know that I am a
mixture of Anglo-Saxon and Celt, while my wife is an
Ashkenazi Jew. From our race (white), you can only guess
our genetic traits. From knowing the specifics of our an-
cestry, you can make reasoned projections of our health
risks.

Let us shift our analysis from my family to that of a
classic, although tragic, figure from Western literature.
Othello, as Shakespeare described him, had a record as a
successful general. When the Duke of Venice needed
someone to lead his forces against the invading Turks, he
chose Othello. Desdemona, the daughter of Barbantio, one
of the leading citizens of Venice, also chose Othello—as a
husband. The problem is that Othello is not Venetian— he
is a dark-skinned Moor. On learning that his daughter has
chosen to be with Othello, Barbantio accosts Othello (act
1, scene 2): O thou foul thief, where hast thou stow’d my
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daughter? / Damn’d as thou art, thou hast enchanted her
/... to [thy] sooty bosom.

Othello’s problem is that his “sooty bosom” (that is,
his dark skin) has cast him as an outsider of a different
race. Moors were from northwestern Africa, what we now
recognize as Algeria and Morocco. In Shakespeare’s time,
most Europeans considered Moors to be black. This racial
categorization of Moors persisted well into the 20th cen-
tury (5). However, the genetic clustering identified by
Rosenberg and colleagues suggests that North Africans and
those from the Middle East are genetically more similar to
Europeans than they are to sub-Saharan Africans (4). Con-
sistent with this genetic grouping, the U.S. Census Bureau
categorizes Moroccans and other North Africans as white
(6). By today’s standards, Desdemona’s husband was
white.

The problem arises from using the 4 historical catego-
ries of race to sort people. Even for populations that have
experienced relatively little admixture, race and genetics
overlap only partially and imperfectly. For example, Paki-
stanis, Indians, and other South Asians are Asian by race
but are genetically more similar to Europeans than to East
Asians (4).

A practitioner without a complete understanding of
these issues might sort Mr. Othello, a dark-skinned Mo-
roccan patient with hypertension, into the “black race”
category and his Venetian neighbor Mr. Barbantio into the
“white race” category. However well-intentioned this use
of race as a predictor of genetic structure might be, it
would be flawed in this case. Categorizing an Ethiopian or
Somali patient as black is also a mistake. Genetically, these
populations are midway between Africans and Europeans,
and they tend to resemble Europeans more so than they do
sub-Saharan Africans (7, 8). The cases of the Moor and the
Ethiopian patients illustrate the point that historical and
contemporary concepts of race are often inadequate proxies
for genetics.

As complex as the issue of race and genetics is for
North Africans and other transitional populations, the is-
sue is even more complex with a population in which ex-
tensive genetic admixture has occurred, such as the United
States. Most African Americans, for example, have mixed
ancestry, involving African, European, and Native Ameri-
can genetic traits at varying levels (9). A person who self-
identifies as African American may be as genetically similar
to a European as to a sub-Saharan African. Genetic varia-
tion within the African-American population is substantial
(10), and failure to take this variation into account risks
identifying spurious associations between race and genetic
traits (11).

RACE AND CARDIOVASCULAR DISEASE

Tang and colleagues (12) used the same genetic sort-
ing method used by Rosenberg and colleagues to suggest
that self-identified African Americans may be distinguished
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from white people in the United States. Genetic similari-
ties between African Americans and sub-Saharan Africans
are identifiable, although the 2 populations are far from a
perfect match (13). (Sub-Saharan Africans are one of the
most genetically diverse populations on the globe [14].)
On the basis of findings such as these, would it be in-
appropriate to assign an African-American patient to the
“black race” category and to select treatment based on the
minor genetic differences that Tang and colleagues used to
distinguish these populations? Let us address this question
in the context of cardiovascular disease.

African Americans have higher rates of hypertension
than white people in the United States. (Sub-Saharan Af-
ricans have one of the lowest rates of hypertension in the
world, substantially lower than that of U.S. and European
white people [15].) In addition, African Americans with
hypertension show less of a response than U.S. white peo-
ple when treated with angiotensin-converting enzyme
(ACE) inhibitors (16). One explanation may be the in-
creased prevalence in certain black populations of a muta-
tion in a gene that regulates the renin—angiotensin system
in the kidney (17) and may be associated with an increased
risk for hypertension (18). On the basis of the possibly
higher prevalence of the mutation in the U.S. black popu-
lation, should physicians avoid ACE inhibitors in their
black patients?

A recent study looked specifically at the use of an ACE
inhibitor to treat high blood pressure in black and white
patients. In a simple bivariate comparison, the medication
was less effective in black patients than in white patients.
However, when the researchers then considered the indi-
vidual characteristics of the patients, such as body size and
pretreatment hypertension severity, most differences in ef-
fect went away. This led the researchers to conclude “that a
large source of variability of blood pressure response to
treatment is within, not between, racial groups, and that
factors that vary at the level of the individual contribute to
apparent racial differences in response to treatment” (19).

A recent meta-analysis, examining 15 published stud-
ies involving more than 10 000 patients, confirmed that
ACE inhibitors, as well as B-blockers, have less of an anti-
hypertensive effect in black patients than in white patients.
However, the difference in effect was small (between 0.6
and 3.0 mm Hg) and only affected between 5% and 20%
of the patients (depending on the study), leading the au-
thors to conclude that “approximately 80% to 95% of
whites and blacks have similar responses to commonly used
antihypertensive drugs” [italics added] (20).

To state that, on average, the antihypertensive effect of
B-blockers and ACE inhibitors is slightly smaller for black
people than for white people is technically accurate. How-
ever, small differences across thousands of patients, despite
meeting tests of statistical significance, say little about how
a particular patient will respond. To use such differences to
decide that a// black patients should not get these drugs
would risk treating more than 9 out of 10 black patients
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inappropriately by withholding drugs that are as likely to
have a beneficial effect as in white patients.

Another problem in which severe racial disparities ex-
ist in the United States is congestive heart failure (CHF).
African-American patients with CHF are much more likely
to die of their disease than white patients (21). One study’s
explanation for this disparity is the increased presence of a
mutation in African Americans that increases the likeli-
hood of CHF (22). An editorial accompanying the study,
however, wisely cautioned that the findings might repre-
sent “a spurious association between a polymorphism and a
disease simply because both the disease and the [genetic
mutation] are found in the same population” (23).

This issue—whether the presence of gene mutations
within the black population explains differing patterns of
disease between African-American and white patients—is
crucial, especially in light of the common suggestion that
we move toward race-based pharmaceutical therapy for
treating CHF. Two studies of the treatment of CHF were
published simultaneously, 1 study suggesting that ACE in-
hibitors were effective in white patients but not in black
patients (24) and the other study suggesting that B-block-
ers were equally effective in both white and black patients
(25). The authors of the first study concluded that “thera-
peutic recommendations may need to be tailored according
to racial background” (24). An accompanying editorial
supported this view, stating that “racial differences in re-
sponse to drugs not only have practical importance for the
choice and dose of drugs but should also alert physicians to
important underlying genetic determinants of drug re-
sponse” (26). Others took an opposing view, suggesting
that such arguments “are based on nonsignificant findings
or genetic variation that does not have an established asso-
ciation with the disease being studied” (27).

From the results of these 2 studies, practitioners may
seem to act in the best interest of their patients if they use
ACE inhibitors for white patients with CHF but not for
black patients with CHF. As reasonable as this conclusion
seems on the surface, to follow it may leave many black
patients inadequately treated. This may be true for 2 rea-
sons. First, the study suggesting a lack of effectiveness of
ACE inhibitors in black patients relied on a single measure
of effect (rate of hospitalization). An author of the study
published a subsequent paper, using the same data set, that
came to a different conclusion but received much less pub-
licity. When the author and colleagues assessed the effect of
ACE inhibitors in any of 3 different ways that measure the
progression of CHF to either more severe symptoms or
death, they found that the ACE inhibitor “was equally
efficacious” in black and white patients (28).

Second, CHF may be due to different causes in differ-
ent people. It can be caused either by ischemic damage to
the heart muscle from atherosclerosis (ischemic CHF) or
by a chronic strain on the heart due to complications that
often result from hypertension, diabetes, and kidney dis-
ease (nonischemic CHF). White patients are substantially
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more likely to have ischemic CHF, and black patients are
much more likely to have nonischemic CHF (21, 22, 29).
The combination of higher rates of hypertension, diabetes,
and kidney disease in black patients with CHF explains
much of the higher death rate of CHF in all black patients,
both those receiving treatment and those in placebo con-
trol groups (24, 25, 28).

Chronic kidney disease is a predictor of death from
cardiovascular disease in general (30) and CHF in partic-
ular (31). Angiotensin-converting enzyme inhibitors and
their newer cousin angiotensin-II-receptor blockers are
both effective in reducing cardiovascular disease in patients
with diabetes and kidney disease (32). To systematically
avoid ACE inhibitors in black patients with CHF on the
belief that race accurately predicts genetic traits and there-
fore drug response will leave a substantial segment of those
patients—especially those with chronic kidney disease—
inadequately treated and without the proven benefit of
these drugs.

In addition to deciding whether scientific studies war-
rant withholding certain medicines from black patients,
practitioners must also decide whether certain medicines
are effective for only black patients. The U.S. Food and
Drug Administration (FDA) recently approved a fixed
combination of isosorbide dinitrate and hydralazine
(ISD-H) for use only in black patients with CHF. The
Vasodilator Heart Failure Trial (V-HeFT) I and II trials
originally studied this combination in the 1980s and found
it may benefit patients with CHF (33, 34). A subsequent
reanalysis of the data suggested that this benefit was more
pronounced for black patients than for white patients (35).
A follow-up, placebo-controlled trial involving only black
patients (the African-American Heart Failure Trial
[A-HeFT]) confirmed a beneficial effect of ISD-H in treat-
ing CHF when added to standard therapy (30).

Isosorbide dinitrate and hydralazine exerts its benefi-
cial effect in patients with CHF by increasing the level of
nitric oxide and decreasing oxidant stress in the vascular
endothelium and thereby increasing vasodilation (37). In a
report submitted to the FDA (38), the pharmaceutical
company holding the patent on ISD-H suggested that the
race-specific effect of ISD-H may be due to an increased
prevalence of a rare genetic mutation among black people
(39) that results in reduced nitric oxide levels in the endo-
thelial cells (40). The FDA’s medical reviewer could not
confirm a genetic basis for the effect of ISD-H in black
patients and identified many alternative explanations (41).

One alternative explanation for racial differences in
vascular nitric oxide activity is the substantially higher rate
of diabetes among black people (10.1%) compared with
white people (6.1%) in the United States (42). Decreased
endothelial levels of nitric oxide are a principal contributor
to the vascular damage associated with diabetes (43—46).
Glycated hemoglobin levels and tissue nitric oxide levels
are inversely associated (47—49), suggesting that those with
worse diabetic control are more susceptible to the adverse
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Table 2. Rates of Diabetes in the Trials Testing the
Effectiveness of Isosorbide Dinitrate-Hydralazine and in the
Studies of Left Ventricular Dysfunction*

Trial, Year (Reference) Patients with Diabetes, %

ISD-H trials
V-HeFT [, 1986 (33)
V-HeFT II, 1991 (34)
A-HeFT, 2004 (36)t
SOLVD, 1999 21+

17.2 (treatment); 24.5 (control)
20.0 (treatment); 20.8 (control)
44.8 (treatment); 37.0 (control)
28.5 (black); 17.4 (white)

* A-HeFT = African-American Heart Failure Trial; ISD-H = isosorbide dini-
trate—hydralazine; SOLVD = Studies of Left Ventricular Dysfunction;
V-HeFT = Vasodilator Heart Failure Trial.

T Differences in rates are significant (P = 0.01).

¥ Percentages are for combined prevention and treatment trials. Differences in
rates are significant (2 =< 0.01).

effects of nitric oxide deficit. The co-existence of diabetes
and hypertension may magnify this effect (50, 51). We
would thus expect to see a greater beneficial effect for
ISD-H in patients with diabetes.

Table 2 shows the rates of diabetes in the 3 trials on
the effect of ISD-H in CHF. Diabetes rates in the V-HeFT
trials were substantially lower than those in the A-HeFT
trials. The V-HeFT trials did not report diabetes preva-
lence by race; however, another large study involving 5719
white patients and 800 black patients with left ventricular
dysfunction (Studies of Left Ventricular Dysfunction
[SOLVD] [21]) found that prevalence of diabetes among
the black patients was 64% greater than that among white
patients—the same difference in prevalence as in the gen-
eral population. Thus, the prevalence of diabetes among
patients in the treatment group of the A-HeFT study was
statistically significantly greater than that among the pa-
tients in the control group and was substantially greater
than that among all patients with CHF, black or white.

It is reasonable to expect ISD-H to be of benefit in a
targeted population of patients with CHF and high rates of
coexistent diabetes—such as that in the A-HeFT trial—
regardless of the patients’ race. Similarly, ISD-H may be
less useful in patients— black or white—with isolated isch-
emic CHF who don’t have the added impairment of en-
dothelial nitric oxide associated with diabetes. To select
patients to receive ISD-H on the basis of their “race” risks
withholding a potentially useful medication from some
nonblack patients, while using it inappropriately in some
black patients.

SUMMARY AND CONCLUSIONS
In the words of Francis Collins, director of the Na-
tional Human Genome Research Institute (52):

“Race” and “ethnicity” are poorly defined terms
that serve as flawed surrogates for multiple environ-
mental and genetic factors in disease causation. . . . Re-
search must move beyond these weak and imperfect
proxy relationships to define the more proximate fac-
tors that influence health.
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Variation within races and large ethnic groups is so
broad that attempts to use race as a proxy risks the inap-
propriate withholding of treatment from a patient who has
individual characteristics that are atypical of the average of
the larger group. Instead, the disease risk of an individual
patient is a “complex interplay between an unknown con-
stellation of genetic variants, environmental factors, life-
style characteristics and some stochastic processes” (53).
Race does a poor job of capturing this complexity.

A practitioner will best serve a patient’s needs by look-
ing beyond race to acquire knowledge of that patient’s in-
dividual socioeconomic, cultural, behavioral, and ancestral
circumstances. Without specific knowledge of these indi-
vidual circumstances, attempts to use race as a proxy is
fraught with the danger of inappropriate treatment and
may perpetuate rather than eliminate racial disparities in
care.
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